It obviously improves the symptoms of anorexia and spiritlessness, and it is usually used to treat leucocytopenia primary, thrombocytopenic purpura, functional low fever, and so on. CoA facilitates more than 100 chemical reactions in cells, including the metabolism of amino acids, carbohydrates, and lipids. Most importantly, because of the mercaptoethylamine contained in CoA, it initiates the tricarboxylic acid (TCA) cycle that produces more than 90% of the energy required for life processes. 3 Therefore, it is significant to establish a precise, sensitive and simple method for the determination of CoA.
The familiar methods for the determination of short-chain and long-chain CoA compounds include high-performance liquid chromatography (HPLC), [4] [5] [6] [7] [8] [9] [10] reversed-phase HPLC, 11, 12 the capillary electrophoresis method, 3 liquid chromatography/ electrospray ionization-mass spectrometry (LC/ESI-MS), 13 the radioisotopic method, 14 and enzymatic assays. 15 However, there has been no report about a spectrofluorometric method for the determination of CoA using Eu 3+ -TC as a fluorescent probe in the presence of H5IO6.
Tetracycline is referred to as an antibiotic that contains a β-diketonate configuration. It is an ideal ligand for Eu 3+ . In the work, we investigated the enhancement of Eu 3+ fluorescence, sensitized by TC, using CoA as co-ligand. The experimental results show that after adding H5IO6 to the solution, the characteristic peak of the Eu 3+ -TC complex at 612 nm can be greatly enhanced by CoA, and the enhanced fluorescence intensity is proportional to the concentration of CoA. Therefore, a new spectrofluorometric method with high sensitivity and selectivity for the determination of CoA is established. This method is simple, relatively free of interference from coexisting substances and can be successfully applied to the determination of CoA in injection, human serum and pig liver samples with satisfactory results. The mechanism of fluorescence enhancement of the Eu 3+ -TC complex by CoA was also studied.
Experimental
Apparatus All fluorescence measurements were carried out on an RF-540 recording spectrofluorometer (Shimadzu, Kyoto, Japan). A UV-265 recording spectrophotometer (Shimadzu) was used for UV spectra scanning and determination experiments. All of the pH measurements were made with a pHs-3C digital pH meter (Shanghai Leici Device Works, China).
Solutions
All chemicals used were of analytical-reagent or higher grade. Double-distilled demineralized water was used to prepare all solutions and for all determinations.
A stock CoA (Sigma Chemical Co.) solution was directly dissolved in water. The working standard solution (6. All stock solutions and dilution of the stock solutions given above were stored at 0 -4˚C.
A Eu 3+ ion stock solution was prepared by dissolving Eu2O3 (Shanghai Yuelong Chemical Plant, China) with a small amount of hydrochloric acid, then diluting to the mark with hydrochloric acid (0.10 mol L -1 ). The working solution (5.0 × 10 -5 mol L -1 ) was obtained by appropriate dilution of the stocking solution with double-distilled demineralized water.
A NH4AC-NH3·H2O buffer solution (0.10 mol L -1 , pH 6.80) was used for the system.
Procedure
To 10 ml color comparison tubes, solutions were added in the following order: a 1.0 ml 6.08 × 10 -5 mol L -1 CoA solution, a 1.2 ml 3.59 × 10 -4 mol L -1 H5IO6 solution, a 1.0 ml buffer solution, a 0.8 ml 5.0 × 10 -5 mol L -1 Eu 3+ ion solution and a 1.0 ml 4.16 × 10 -5 mol L -1 TC solution. The mixture was diluted to the mark with double-distilled demineralized water, and allowed to stand for 25 min at room temperature. The fluorescence intensity was measured at λex/λem = 385/612 nm. The enhanced fluorescence intensity of TC-Eu 3+ by CoA was represented as ΔF = F -F0. Here F and F0 are the fluorescence intensities of the systems with and without CoA, respectively.
Results and Discussion

Characteristics of fluorescence and absorption spectra
The fluorescence emission spectra of CoA + Eu 3+ , Eu 3+ + TC, CoA + Eu 3+ + TC without and with H5IO6 are shown in Figs. 1(A) and (B), respectively.
Comparing curve 2 with 3 in Fig. 1 Fig. 2 .
Comparing curve 1 with 3 in Fig. 2 , the addition of Eu 3+ ion into the TC solution caused the absorption peak of the TC solution to red shift from 360 to 391 nm, indicating that TC can form a binary complex with the Eu 3+ ion. Comparing curve 3 with 7, after the addition of CoA in the absence of H5IO6, the absorption peak of Eu 3+ -TC did not change, which indicated that a ternary complex (Eu 3+ -TC-CoA) was not formed. Comparing curve 4 with 8, with the addition of H5IO6, the absorption peak at 359 nm of the TC-Eu 3+ system red shifted to 385 nm, indicating that a very stable ternary complex (CoA-Eu 3+ )-TC had formed. Comparing curve 7 with 8, the absorption peak of CoA-Eu 3+ -TC blue shifted from 395 to 385 nm after adding H5IO6, indicating that the structure of the CoA-Eu 3+ -TC complex was different with and without H5IO6. Thus, a new binary complex (Eu 3+ -TC) and a new ternary complex (CoAEu 3+ )-TC formed after adding H5IO6.
Optimization of the reaction conditions
Effect of the acidity. A series of solutions with different pH and the same concentration of the other reagents (F) and their corresponding blank solutions (F0) were measured at λex/λem = 385/612 nm. The pH of the medium had some effect on the fluorescence intensity of the system, as shown in Fig. 3 . The experimental results showed that the ΔF reached maximum at pH 6.80. Therefore, pH 6.80 was selected with the use of a 0.10 mol L -1 NH4AC-NH3·H2O buffer solution for further study. When the volume of the buffer solution added increased from 1.0 to 1.8 ml, the fluorescence intensity was maximum and remained constant. Thus, 1.0 ml NH4AC-NH3·H2O was used in the following experiments. Effect of the TC concentration. A series of solutions with different amounts of TC and the same concentration of the other reagents (F) and their corresponding blank solutions (F0) were measured at λex/λem = 385/612 nm. The effects of the TC concentration on ΔF are shown in Fig. 4 . In the CoA-H5IO6-buffer-Eu 3+ -TC system, with TC in the range of 3.33 × 10 -6 -4.99 × 10 -6 mol L -1 , proportion of ΔF was maximum and remained constant. Thus, 4.16 × 10 -6 mol L -1 (1.0 ml) TC was used for further study. Effect of the Eu 3+ concentration. A series of solutions with different amounts of Eu 3+ and the same concentration of the other reagents (F) and their corresponding blank solutions (F0) were measured at λex/λem = 385/612 nm. The effects of the Eu 3+ concentration on ΔF are shown in Fig. 5 . In the CoA-H5IO6-buffer-Eu 3+ -TC system, when the Eu 3+ ion was in the range of 2.5 × 10 -6 -4.5 × 10 -6 mol L -1 , the fluorescence intensity was maximum and remained constant. Thus, 4.0 × 10 -6 mol L -1 (0.8 ml) Eu 3+ was used for further study, and CTC:CEu 3+ = 1.04:1. Effect of the H5IO6 concentration. A series of solutions with different amounts of H5IO6 and the same concentration of the other reagents (F) and their corresponding blank solutions (F0) were measured at λex/λem = 385/612 nm. The effects of the H5IO6 concentration on the fluorescence intensity are shown in Fig. 6 . As can be seen in Fig. 6 , as H5IO6 was increased, F0 decreased sharply at first, and then remained constant; F nearly remained constant when the quantity of H5IO6 was less than 1.8 ml. This was due to the active group (-SH) contained in CoA, which has a strong reductive capacity. Hence, H5IO6 reacted with -SH first and the fluorescence intensity of CoA-Eu 3+ -TC (F) decreased little. As H5IO6 was increased, the fluorescence intensity of Eu 3+ -TC (F0) and the fluorescence intensity of CoAEu 3+ -TC (F) gradually decreased. We selected an appropriate quantity that made F0 decrease remarkably, and F remained nearly constant, so ΔF was greatly enhanced. In the CoA-H5IO6-buffer-Eu 3+ -TC system, when H5IO6 was in the range of 3.59 × 10 -5 -6.46 × 10 -5 mol L -1 , ΔF reached the maximum and remained constant. Thus, 4.31 × 10 -5 mol L -1 (1.2 ml) H5IO6 was used for further study. Effect of the reaction time. The chelation reaction was completed within 5 -25 min at room temperature. The fluorescence intensity reached its highest value and remained constant for at least 180 min, as shown in Fig. 7 . Hence, all of the chelation reactions were carried out for 25 min at room temperature. All measurements were made at room temperature within 3 h. an impact on both F and ΔF. Considering the enhancement of the fluorescence intensity of the system, we chose the following order for further study: CoA, H5IO6, buffer, Eu 3+ , and TC at last. Influence of coexisting substances. The influence of coexisting substances on the fluorescence of the CoA-H5IO6-Eu 3+ -TC system condition was determined. The concentrations of coexisting substances approximate that of the human body fluid, including mental ions, bases and proteins. The experimental results are given in Table 1 . The criterion for interference was fixed at ±10% variation of the average fluorescence intensity, calculated for the established level of CoA. From Table 1 it can be seen that most coexisting substances were found to have no influence.
Analytical applications Linear range and detection limit of CoA.
Under the optimal experimental conditions, there was a good linear relationship between the enhanced fluorescence value (ΔF) and the concentration of CoA in the range of 6.08 × 10 -8 to 1.84 × 10 -5 mol L -1 with a correlation coefficient of 0.9993. The regression equation was ΔF = 0.339C + 0.562. The detection limit, as defined by IUPAC, was determined to be 4.62 × 10 -8 mol L -1 , when the K value was taken as 3 and the standard deviation was 0.0522, obtained from a series of 11 reagent blanks. Also the precision of the sample was 0.450, obtained from a series of 11 reagents.
Determination of CoA in injection samples. The developed method was applied to determine the concentration of CoA in injection samples. Because mannitol and glutin contained in injections interfere with the system, we pretreated the injections before determining of CoA using Sep-Pak C18. 3 We added 22.3 mg of mannitol and 20.0 mg of glutin, which were the biggest content in the injection into the Sep-Pak C18 cartridge, which had been equilibrated with hydrochloric acid (pH 3). The cartridge was washed with 10 ml hydrochloric acid and disposed, and was then eluted with 5 ml of ethanol/water (65:35) containing 0.10 mol L -1 ammonium acetate, and collected in an eggplant-shaped flask. Subsequently, the eluted CoA solution was concentrated under reduced pressure at 20˚C using a rotary evaporator to vaporize ethanol. The sample solution was diluted to 25 ml with double-distilled demineralized water, and the found mannitol and glutin were completely removed. Then 5 ml of a 4.44 × 10 -5 mol L -1 working standard solution of CoA was applied to the Sep-Pak C18 cartridge, which had been equilibrated with hydrochloric acid (pH 3), and then treated as mentioned above. The recovery of CoA was 99.4%. One bottle of injection was accurately weighed, directly diluted to 1 ml, and then treated as mentioned above and analyzed by a standard comparative method. From Table 2 it can be seen that the developed method can be easily performed, and affords good precision and accuracy when applied to samples. Determination of CoA in serum samples. The developed method was applied to the determination of CoA in human serum samples. Because proteins in human serum interfere with the system, 2 ml acetonitrile was added to 1.0 ml serum and centrifuged for 15 min at 4000 rpm to remove them. The samples were diluted 1000 times, and known amounts of CoA were added to serum, and analyzed by a standard-addition method. The experimental results are given in Table 3 . From Table 3 it can be seen that the developed method can be easily perchloric acid was added to each tube and mixed completely with the liver homogenate; the mixture was centrifuged at 4000g for 5 min. The supernatant was transferred into a new tube, and 20% KOH was added to adjust the pH to 3.0. The time between the addition of perchloric acid and KOH was controlled to within 30 min to avoid decomposition of the CoA. The mixture was centrifuged at 4000g again for 10 min to precipitate KClO4. The supernatant was then applied immediately to a Sep-Pak C18 cartridge, which had been equilibrated with hydrochloric acid (pH 3). The cartridge was then washed with 40 ml of hydrochloric acid, followed by 40 ml of petroleum ether, 40 ml of chloroform, and 40 ml of methanol, respectively. The CoA on the cartridge was then eluted with 5 ml of ethanol/water (65:35) containing 0.1 mol L -1 ammonium acetate.
Subsequently, the eluted CoA solution was concentrated under reduced pressure at 20˚C using a rotary evaporator to vaporize ethanol. The sample solution was diluted to 25 ml with double-distilled demineralized water and analyzed by a standard comparative method. The experimental results are given in Table 4 . From Table 4 it can be seen that the developed method can be easily performed, and affords good precision and accuracy when applied to pig liver samples.
Conclusions
Tetracycline (TC) containing β-diketonate configuration is a good ligand for Eu 3+ , and can strongly bind with Eu 3+ . A literature survey indicated that the β-diketonate ligand is suitable for efficient energy transfer from the ligand to Eu 3+ , and can possibly sensitize the fluorescence intensity at 612 nm of Eu 3+ . The coordination number of Eu 3+ ion is generally 8. According to the experimental results of the mole ratio for TC to Eu 3+ given above (CEu 3+ :CTC = 1:1.04), we can see that the coordination of the Eu 3+ ion is unsaturated. There are still many of positive charges and blank orbits in the TC-Eu 3+ complex. CoA has three phosphate ions in per molecule, which contain negative charges. Because the whole CoA molecule exists as a big polyvalent anionic state in water solution, it should combine with the Eu 3+ -TC complex via electrostatic and co-ligand interactions. Upon the addition of H5IO6, the characteristic peak of the Eu 3+ -TC complex at 612 nm was remarkably enhanced after adding CoA, which indicated that CoA can form a very stable ternary complex with the Eu 3+ -TC complex. Therefore, a very stable ternary complex in close proximity with a big degree of molecular conjugation and rigid structure can be formed by electrostatic interactions and coordination between CoA and the TC-Eu 3+ binary complex. Because of the effect of packing and cooperation in the ternary complex, the energy transfer can more easily occur and the non-radioactive energy loss through O-H vibration of H2O in the original Eu 3+ complex can be greatly decreased. Thus, the fluorescence intensity of the Eu 3+ ion at 612 nm can be enhanced several times. 
